electron microscope. More recently, however, higher selectivity and better collection of secondary electrons have made it possible to observe individual isolated heavy atoms in a sample made of light atoms with an electron microscope. The detection of single atoms and single molecules on surfaces first became a reality in the early 1980's with the invention of the scanning tunneling microscope (STM), and later of its variant for insulating substrates, the atomic force microscope (AFM). These two techniques have opened the way to microscopic investigations of matter at the singleatom and single-molecule levels. They are widely used today in many laboratories.
Meanwhile, thanks to lasers and general progress in optical techniques, it became possible in the 1970's to observe single atoms in the gas phase, in dilute atomic beams. The atoms were detected via the short bursts of fluorescence light they emitted when crossing the laser focus. Single trapped ions were also detected by their fluorescence. Yet, observing a single fluorescent atom in gas phase is a very different problem from observing a single molecule in condensed phase, for the main two following reasons: -First, condensed matter produces strong optical background via Rayleigh and Raman scattering. Moreover, other fluorescent impurities in the sample may easily dominate the fluorescence from a single molecule, therefore the purity of the sample is crucial, a problem which does not arise in vacuum! -Second, a single atom usually can fluoresce millions of photons per second, without any degradation. An atom in vacuum is a stable system, even in its excited state. It can thus perform indefinitely many excitation-emission cycles, which simplifies detection considerably. This is unfortunately not the case for fluorescing systems in condensed matter, which are all subject to irreversible transformations putting an end to luminescence. Those processes are called photobleaching and will de discussed later in this course.
In the late 1980's and early 1990's, progress in sources, optics and detectors have opened the way to detect single molecules or single luminescent objects (nanocrystals, quantum dots, metal particles, color centers, etc.) in condensed matter and even in such a complex environment as a live cell. This domain of research arises in part from a general change of point of view, brought about by a broad interest for matter at nanometer scales, nanoscience. By coupling lasers to optical microscopes, all the spectroscopic techniques developed in the 1970's and 1980's can be transported down to sub-micron scales (the resolution of a confocal optical microscope can be below 200 nm), and even down to nanometer scales if a single object can be selected. In this course, we will review the motivation, methods, and results of the still relatively new technique of single-molecule optics.
In this introduction, we briefly review the principles of the fluorescence method (we'll go into further detail later). First, it is important to realize how small a molecule is (to give a simple comparison, if a rain drop was magnified to the size of the earth, a single water molecule would be about the size of a person !), and that isolating the emitted signal means separating it from the background of many other molecules. This has two consequences :
-first, the size of the illuminated sample must be reduced as much as possible. For a given light intensity, i.e. for a given signal from the molecule, the background will be proportional to the number of illuminated sample molecules, i.e. proportional to the volume of the illuminated sample. Reducing background will require reducing the illuminated spot, usually by focussing the laser beam very tightly into the sample. This focussing step thus performs a spatial selection. 
Fluorescence and Photophysics of a Dye molecule
Most of the recent work on the optical microscopy and spectroscopy of single objects is based on fluorescence. Therefore, it is important to recall the principal features and properties of fluorescent molecules. All fluorescent organic molecules are conjugated, i.e. they present delocalized electronic pi wavefunctions. Pi wavefunctions are built on C-atom p-orbitals, and have a node in the plane of the bond (we briefly discuss the case of benzene to make this clear). The delocalized porbital can be seen as a 1D box-potential along which pi-electrons can move freely.
This very simple picture is known as the 1D electron gas model. It is important to consider how strongly a molecular transition is coupled to radiation.
The quantity describing the strength of this coupling is called oscillator strength. It is proportional to the square of the transition dipole moment, a vector homogeneous to an electric dipole and fixed relative to molecular axes. is called the fluorescence quantum yield. Molecules with high radiative rates r k will therefore tend to be better emitters. This is the case of many dye lasers, who are also good fluorescent probes.
The non-radiative channel is mainly governed by radiationless transitions to lowerlying electronic states, in particular the ground state, and to a lesser extent to the metastable triplet state (see below). Non-radiative transitions are much reduced for planar, rigid molecules. As a rule, therefore, good fluorophores have to be planar and rigid. The ground state of a large majority of fluorescent molecules is a singlet state, T , with total spin 1. This state lies at a lower energy than the singlet 1 S because of a reduced Coulomb repulsion between electrons (exchange interaction). The triplet state has three spin sublevels, which are usually indistinguishable at room temperature.
Transitions between singlet and triplet states are called intersystem crossing, ISC. ISC is spin-forbidden, therefore caused only by weak interactions such as spin-orbit coupling. ISC transition rates are therefore rather low, and the lifetime of the triplet state is rather long (often microseconds to seconds). However, the triplet states play a central role in the photodynamics of the molecule, because they limit the number of resonant absorptions and fluorescence per unit time that a molecule can perform.
We'll come back to the consequences of these transitions in later chapters.
It must be realized that aromatic molecules, being conjugated, are rather 
